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[Tw¢ ytTopoupe va PeAETOOUNE BIBAIOBNKEC;

ApLOpoc mbavwy petalAaypatwy pe TV etcaywyn M petaAldéewyv oe N apvoléa:
19M[N!/(N-M)!M!]

Length of protein sequence
10 200
190 3.800
16.245 7.183.900
823.080 9.008.610.600
27.367.410 8.429.807.368.950

Substitutions (M)
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Kpitnpla yia yeBodouc HTS

ATtraitnon va avaAubei n TepiTrAokn avTidpacon o€ pia atrAn 1910TNTa TTOoU
gival EUKOAO va peTpnBEi

/7
A X4

APIBUOC oTeEAEXWV / HETAAAQYUATWY TTOU TTPETTEI VO HEAETNOOUV

(0 apIBUOC uag 1TePIOPICEI TIC TEXVIKES TTOU UTTOPOUUE VA XPHOILOTTOINOOUUE)
O Aoyog¢ onuarog Tpog B6puo (signal-to-noise ratio)

(kaBopiler av mpérrel va kaBapiotei To éviuuo)

/7
A X4

/7
A X4

EtTravaAnyiuotnra

(Ta arroreAéouara Ba TPETTEI va gival ETAVAARWILA Kal va ATTOQEUYOVTaAl
EO0QaAuéva BETIKA Kal apvnTIKA)

PopTOC Epyaaciag yia Tnv UAoTroinon TG neEBGdoU

(0 OyKo¢ gpyaoiag Tou arraiteital 6a TPETTEI va unv gival arrayopEUTIKOC)

R/
A X4
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KaAAIEpPYEIQ Kal ETTIAOYN O€ UWPNAN

puBuoaTTodoon

1. MeTOOXNUATIONOG
KUTTAPWYV

2. MeTa@opa o€ uypEg
KOAANIEPYEIEG O€
MIKPOTTAQKEG

3. AvTiypa®n yia va €XOUME
TPOCaon oTO TTPWTOTUTTO

4. Anuioupyia TTAaKIdIoOU yia
EKQPAON TTPWTEIVWV

5. AUON KUTTAPWV Kal
evCUMIKO assay

Iterative selection of best clones

Mutantson
agar plate -
/

Transfer into MTP

Colony picking
Inoculation in liquid medium

Master plate

Replica plating
Cultivation
Induction

Cell harvesting/centrifugation
Cell lysis, centrifugation
Enzyme transfer to assay plate
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2.U0TNUa EKPPACTNC

2. NMAVTIKOG TTAPAYOVTAS TO CUCTNHUA EKPPACNG

Aev ekppalovTtal OAa Ta Eviuua o€ BakTnplakd cuothuata (1r.X. CALA)
[TIBavr) aAAG akpIPr) evaAAaKTIKNA N in vitro ékppaon (cell-free expression)

Periplasmic
expression in
Cytoplasmic expression in gram-negative
gram-negative bacteria bacteria Expression in yeast cells
Expression E. coli Origami E. coli CR41 P. pastoris
system
Optimization  Fusion with thioredoxin tag; Expression in Use autonomously replicating
tools coexpression of chaperones; the episomal plasmid; export of
expression at 15 °C under periplasma the lipase using N-terminal
control of a cold-shock using the fusion with the S. cerevisine a-
promoter pelB-tag mating factor.
Expression Low Low High
efficiency
Transformation High High Very low; requires intermediary
efficiency transformation of libraries to
E. coli
Directed Not successful Successtul Successtul
evolution of
CAL-A

toyy o , ,
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ETTiTred0 £Ek@paonc BIoKATAAUTN

H KaAANIEpyEIa UTTOPEI va PNV €ival TO id10 KAAr g€ OAO TO TTAAKIDIO

Metadopa pe colony picker

Metadopd amoLKLwVY HE TO XEPL

https://lara.uni-greifswald.de
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ETTiTTed0o £Kppaonc BIOKATAAUTN

MEeTOAANGLEIC UTTOPEIT VA ETTNPEACOUV TO ETTITTEQO EKPPAOCNGS (AKOUA
KAl O1WTTNPEG METAAAACEIQ)

30

25

20

15

10
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ETTiTred0 £Ek@paonc BIoKATAAUTN

Enzymatic activity screening shows APPARENT hits

AIG@opeG AUOEIC: ol lele]
ool I )
1. KaBapIiouog TpwTEiviov @OOOO
(XxpovoB6po, KOGTOC) QO
2. TITAO®OTNON PE i avTidpaon avapopdic O@OOO
(T1IBavov Kal auTth ) QO0@V)
N va eTnpeaderai) olelelele
3.50vnen pe GFP COO0O0
TOavEC OOUIKEC aAAayE Normalized
( . g’ IJ g ’V g) ‘.OOO / SCI‘eF\e’EI;l\E Il:leitSSTueS
4. In situ pETPNON TTPWTEIVNG 00889
j 3 i OO
(xpeidleTal Xpovo yia va oTnbei) ST e

Split-GFP allows the quantification of each protein variant

Santos-Aberturas, et al., Chem. Biol., (2015) 22: 1406-1414.
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AlaAoyn (screening)

% 2uvNOwc BacileTal o€ TEOT MIKPOTTAOKIDIWV XPNOIUMOTTOIWVTAG

“TpaydaTikG” 1] “UTToKATACTATO” UTTOOTPWHA
v MNoooTikA avaAuon duvaTr, XapakTnNPIoUOS KIVATIKWY

2XETIKA XaunAr pubpoatrdédoon, o akpiBry uEBodog (ouvBeon

UTTOOTPWHATWY, AUON KUTTAPWY, ECOTTAIONOC)

Me6odoc Pubuoamodoon

AvayvwoTng HIKPOTIAGKIDIWV

dwToypAadPnon AMoIKIWV

KutTapousTpia poneg

‘EkOeon oc payo
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EmiAoyn (selection)

< EmAoyn KAwvwv og emTitTedo KUTTAPOU
2

/7
L X4

UVABWC HECW AUCOTPOYIaGg
v/ Ultra-High Throughput; TTOAU €KAEKTIKO, OXETIKA EUKOAO, 9ONVO
ATtraiTei ouvdeon oT1o PETABOAIOMO, PN £TTOUUNTEC AVTIOPACEIC TTIOAVES

Xpnoipeg pEBodol: ueBodol oe TTAakidla pe ayap (EkBeon o€ gpayo,

avaiuon FACS, In vitro-diapepioparotroinon)

Me6odoc Pubuoamodoon

AvayvwoTng HIKPOTIAGKIDIWV
dwToypAadPnon AMoIKIWV
KuTtTapoueTpia pong

‘EkOeon oc payo
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ATTAITAOEIC YIa £va XPNOIPo assay dIaAoyNg

Y/
%®

o
o
o
o
o

Y/
%*

EuaioBnTto

EUKoAN avixveuon

[ToooTIKO (KOl OXI HOVO TTOIOTIKO)

EKAEKTIKO (OXI TTAPATTAEUPES avTIOPAOEIC ME AAAa Eviupa)
AlaBéoipa uttooTpwparta (r; EUKOAA va ouvTeBoUV)

Na emdExeral upnAni puBuoarrdédoaon (high-throughput)

MeTa@OpPA TWV ATTOTEAEOUATWY ATTO TO “UTTOKATACTATO”, OTO
“mpayuaTik®” uttooTpwpa (you get what you screen for)

‘Evlupo
Yrootpwua > [poiodv
AAayn Gepuokpaociac
AAayn paouatog
@Voplouoc
MiukpoBiakn avénon
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EmiAoyn vs. diaAoyn

Pakepaon N-akuAo auIvocEwy

H emiAoyn atraitei OTEAEXOC JE QUCOTPOPIa OTN
L-peBeiovivn

+ Ultra HTS

+ APKETA OIKOVOUIKN (apOoU avaTtrTuxbei)

- Xxpeladetal duo knock-out

- UTTOPEI va XpnoipoTToindei povo yia pebeiovivn
- OEV PTTOPEI va XPNOIYOTTOINBEI yIa un QUOIKA
UTTOOTPWHATA

- TTAVW aTTO Hia 0paCTIKOTNTA OEV TTAPATNPEITAl
dlagpopa

toyy o , ,
# MpwrTeivikn Mnxavikn | Alagaveia

a) Selection (in E. coli cells)

s~ s~
OH NAAAR OH
HN = HN
(6] 0 0]
N-acyl N-acyl
D-methionine L-methionine
(sole methionine source)
endogenous
dadA
athway
OH
D- methlonlne

etB L- methlomne
pathway

L- homoserlne

- Measurement principle: Provision of the metabolite
L-methionine from N-acyl-D-methionine

-Very high throughput

- Inexpensive

- Establishment is time- and work-intensive

- Successfully used for a sixfold increase of NAAAR

enzyme
technology lab



EmiAoyn vs. diaAoyn

Pakepaon N-akuAo auIvocEwy

b) Screening (using cell-free extracts)

R R
HN\.K[(OH HNJ\(OH
o © 0P ©

N-acyl N-acyl
D-amino acid L-amino acid
e , , , L-acylase
+ MT1TOpPEI VO XpNOI1YoTToINGE yIa OTTOI0ONTTOTE AUIVOLU I
R
+ MTTOPEi Vva XpnoIuoTToINBEi yia un QUOIKA HZNJYOH
U'ITOO'Tp(b IJGTG L-amino acud
- K(’)O-Tog KGI E‘:pvao-l’a substrate m
, , , , chromophorlc HRP H20,
- Xpeladetal 3 €mTTAEoV EvCupa YId TNV HETPNON TOU product
XPWHOPOPOU TTPOIOVTOG o
a-keto acid

- Measurement principle: Quantification of released
L-amino acid by oxidation, subsequent detection
of hydrogen peroxide

-High throughput

- Requires addition of enzymes and co-substrates

-Can be used to determine kinetic parameters of
variants

% e ——
enzyme MpwrTeivikn Mnxavikn | Aiag@aveia 13
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DwTopeTpIKA assay yia eVCUPIKEC KAAOEIC

Enzyme EC class Method

Dechydrogenases EC1 NADPH-detection
(Oxidoreductases)

P450 monooxygenases EC 1 CO-spectra; p-nitrophenyl ethers
(Oxidoreductases)

Amino acid oxidases EC1 Detection of hydrogen peroxide
(Oxidoreductases)

Alcohol oxidases EC1 Detection of hydrogen peroxide
(Oxidoreductases)

Amine transaminases EC 2 (Transferases) UV-detection of acetophenone

Lipases, esterases EC 3 (Hydrolases)  p-nitrophenyl esters (for acyl substrates)

Lipases, esterases EC 3 (Hydrolases)  pH shift, Acetate assay

Amidases EC 3 (Hydrolases)  p-Nitroanilide derivatives

Proteases EC 3 (Hydrolases)  p-Nitroanilide derivatives

Hydroxynitrile lyases EC 4 (Lyases) Detection of the cyanide ion

Arylmalonate EC 4 (Lyases) Detection of pH shift

decarboxylases
Amino acid EC 4 (Lyases) Derivatization of prim-amine function
decarboxylase
Racemase EC 5 (Isomerases)  Use ofa L-methionine auxotroph selection
strain

toyy o , ,
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MEBOOOI avaAUONC OTTITIKA EVEPYWYV EVWOEWV

Method

Enzyme

Comment

Weekly
throughput

Polarimetry

Polarimetry

In situ
NMR

Chiral
HPLC

Coupled
enzyme
assay

Coupled
enzyme
assay

Coupled
enzyme
assay

Selection

Glutamate racemase
from B. subtilis

Mandelate racemase

Arylpropionate
racemase AMDase
G74C

Arylpropionate
racemase AMDase
G74C

Alanin racemase

Lactate racemase

N-Acetylamino acid
racemases

N-Acetylamino acid
racemases

Requires purification of racemase

Medium throughput

Limited by availability of NMR
measurement time and intensive
handling

Feasible with cell-free extracts; various

substrates

Requires purification of racemase

Feasible with cell-free extracts; various
substrates

Limited to methionine

n.d.

<100
<10

1000

<100

<500

2
o Bn
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To TpoBAnua NG avaAuong EVAVTIOUEPWYV

a) Use of enantiopure isotope homologues for mass spectrometric sreening

O

0

M M oH o 0 0
O" "CHj3 , O CDj + B + JJ\ + JJ\
- Ph™

Ph PN Ph HO” “CH; HO”~ >CDj,

'pseudoracemate’ substrate enantiomeric products isotope homologues
mass spectrometry: AM = 3

b) Use of selectively deuterated substrates for mass spectrometric screening

OBn OBn OBn

'pseudoprochiral' substrate pseudo-enantiomeric products
mass spectrometry: AM =5

¢) NMR monitoring of racemization via deuteration level
racemase
R){I _ R” Activity monitoring by "H NMR:

Ar COOX D,O B} ArXCOOX Loss of a-H signal due to H-D exchange
buffer

n o —
YA NpwrteivikA Mnxavikn | Alagdveia 16
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EVaVTIOEKAEKTIKOTNTO

Conversion*:
Mavra eAEyxeTe TO Eapp 0€ oXEON ME TO Etrue e,
% Eapp: H uétpnon yiverai ue KGBe evavriouepég EEXwpPIoT. - Ybee + %oee,
Acv utroAoyileral o avraywviouog arro 10 aAAo  *for irreversible reactions

EVAVTIOUEPES TOU UTTOOTPWUATOSC

084

% Etrue: MéTPNON TTQPOUCIA KQI TWV OUO vavTiouepwy. To -
EVAVTIOUEPEC TTOU TTPOOOEVETAI KaAUTEpa Ba avridpaoel - Eapp~30
ypnyoporepa. Emidpaocn rou Km

$ rl-‘_.—l"m{“ rr' """

0

Q 00 200 3130 ‘00 500 600 7‘00 aoo
Time [s]

Pseudomonas cepacia

Substrat: (R/S)-1c (S)-1c
Inkubation: 37°C / 20 min
Enantioselectivity / enantiomeric ratio / E-value:
(uvoror R)-1a
lnl_(l C) (1 ees)_l lnl_l C(1+eep -| Vo KD A 1120}
lnl_(l C)(1+ees )J lnl—l C(t- eep)J vV, JK ), i o Etrue=40

#ﬁ # MpwreivikA Mnxavikn | Alagdveia 17
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o

“MNpayuaTikO” UTTOOTPWUA N UTTOKATAOTATO;

< [NpaypaTtikad uTTooTPWHATA (TT.X. EOTEPEC XEIPOUOPPWY AAKOOAWV 1)
0gEwv) gival dUOKOAO va xpnoipgoTtroinBouv ye uwnAn pubuoatrddoon
< “Y1rokaraotarta” (surrogates) 1r.x. Xpwuo@opa / ¢Bopilovra
UTTOOTPWHATA JIAPEPOUV ONUAVTIKA ATTO TO TTPAYMATIKO UTTOOTPWHA
% [MpwTOC VOUOC TNG KATEUBUVONEVNC ECENIENC:
“You get what you screen for!”

Desired reaction:

zu);? o }_‘} L 1 petaAAayuevo eviuo:

e, T oo <& 24 @opEg augnon evepyoTNTAC

Loracarbef-p-nitrobenzylester Loracarbef p-Nitrobenzyl ,
| alcono! YIO TO UTTOKOTACTATO
Assay reaction:
HoN o , , ,
P p— LG “ 4 gopég augnon evepyoTNTag
in 15% DMF S N e * "o, 7 ,
o e YIQ TO TTPAYHATIKO UTTOCTPWHA
Loracarbef p-Nitrophenol
NO2 Moore J.C., Arnold F.H. Nature Biotechnol. 1996 14, 458-467

Loracarbef-p-nitrophenylester Arnold F.H., Moore J.C. Adv. Biochem. Eng. Biotechnol. 1997 58:1-14

t’ Mpwrteivikn Mnxavikn | Ala@dveia 18
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MéBodol pe Bdon Tnv aAAayn pH

Ta 1Tpoidévta utropouv va aAAdgouv 10 pH.

EUkoAa ptTopEi va peTpnOei pe Evav OgikTn

a) Detection of a pH decrease b) Detection of a pH increase

ok W OH 2 . )\-~3000H —), . )\-'?ZOOH
R).\\\Rz / \' " cooH \' "N
1

R
] H,0 CH;COOH CO,

AUOKOAIEG:

[MpéTrel va OOUAEUOUUE OE CUOTHMATA PE XAMNAG pUBMICTIKO GAAGC
Agv evOEIKVUTAI YIA KIVNTIKEG MEAETEG

Aev puttopoupe va apriooupe 1o pH va aAAacer onuavtika (pH-titer)

Mpwrteivikn Mnxavikn | Ala@dveia 19



[N I 4

AviXveuon TTapaTTPOIOVTWYV

a) Monitoring of NAD(P)H concentration by fluorescence

Avixveuon Twv ocuvev{UNWY

NAD(P)H decrease
- ONUAVTIKA dpaACTIKATNTA OTIO 0 " — O\ OH
o , I NAD(PH NAD(P)* I
TTOAAG €vUpa TOU CEVIOTH) ROR N T R™ R
; ; ., NAD(P)H increase
- mlavn o¢eidwon amd aAAa
UTTOGTP 0 yaTta b) Hydrogen peroxide formation through horseradish peroxidase
substrate
- A 3 N A chromophoric
moavh avayévvnon atmd aAAa o, Hzo rodut
evGupa R-CH,OH ~ 7. rco
c) Detection of cyanides substrates
CN chromophoric
/)\OH HNL j)\ . s CN(—/ product
Reu R~ "R"

#ﬁ ﬁ Mpwreivik Mnxavikn | Alagdveia 20
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You get what you screen for...

H 1repiTrTwon TG avaywyaong eviwv YqjM

X R, Enoate reductase Ry H
(E.C. 1.3.1.31) L
» X R3
R Ro /\V ‘ '

NAD(PH  NADP) H R

@a pytropouce va peTpnOei n katavalwon NADPH

Y1dpxouv @aivopeva atroleuéng
(oceidwan xwpic emBuUPNTO TTPOIOV)

Mpwrteivikn Mnxavikn | Alagdveia 21



MEBoOoI dlahoyn ¢ oTo Petr

B35 o RS § N

Esterase variant
-EtOH l Esterase variant
O OH
O OH OH
O +
D S
l Y Y
Identification by pH-indicators Identification by enhanced growth

Bornscheuer, Altenbuchner and Meyer, Biotechnol. Bioeng. 1998 58, 554-559
Bornscheuer, Altenbuchner and Meyer, Bioorg. Med. Chem. 1999 7, 2169-2173
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MEBODOI yia UDPOAATEC

2 XPWHOPOPOI! EOTEPEC

% Baoiopéveg oe paopartopeTpia palacg (‘pseudo’-racemates /
prostereogenic compounds)

% Baoiopéveg oe Beppokpaoia’

% Baoiouyévec oe NMR?

HO HO (Ce HO 0

Nitrophenol anion (4) Umbelliferone anion (5) Resorufin anion (6) Fluorescein anion (7)
Anax = 405 nm, yellow Ao =360 NM, A, =460 nm Aoy =570 M, A, =585nm  4,=490nm, 4, =514 nm
blue fluorescent red fluorescent green fluorescent

'Reetz et al, Angew. Chem. Int. Ed. 1998 37, 2647-2650
°Reetz et al., Adv. Synth. Catal. 2002 344, 1008-1016
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AlaAoyn ue pNP eoTEpec

MpoBAnua: To Evupo PUOIKOU TUTIOU deV £XEL EKAEKTIKOTNTA WG
Tpog 10 2-methyl decanoate

M£Bo0dog: ep-PCR, shuffling, cassette-mutagenesis KTA.

MeTpnon: Baolopévn oe (R) 1 (S) eotépeg p-vitpodalvoAng (pNP)
1. uETpNoON arnoppodpnong ota 410 nm

2. UTIOAOYLOMOC apXIKNG TaxUutnTag yia KAbe evavTloUEPEQ

3. uroAoyiouog E

4. EmuBeBaiwon pe GC.
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AlaAoyn ue pNP eoTEpec

. NO, HO 0
Lipase (variant) \©\ + oH
. © NO,
or enantiomer

or enantiomer

o rcrcn S-selectivity 51
S m S — S0
(mutated) P. aeruginosa _L’ mutant lipase
lipase gene genes - Z
25 4
expression
o of a better mutant and e =
secretion
~
.u_.l‘ 15 4
-~  product educt
$ (S G g 10
g =
Ela)| g .
3 variant g
lipase
s proteins .'.:. o
retention time (min) o
5
104
& (3] 154 ) N /oo van
\ [/ SN me
/ TIS0A AT
screening for 204 \\ | s PasL
predsedehmnlnatlono'ee 000000000000 lmmnd D“n:}“‘:.
by gas chromatography | 660000000600 Sy 25+ st o
spectrophotometry R-selectivity 10+ ‘n”,;,' e

low error rate PCR mutagenesis
site-directed mulagenesss
Satration Mutagenesis

high error rate PCR mutagenesis

o al r o

DNA shuffing

Reetz, M.T. et al., Angew. Chem. Int. Ed. 1997 36, 2830-2832; Liebeton, K. et al., Chem. Biol. 2000 7, 709-718
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MEB0DOC yia oceidoavaywyika evuua
% 2uvneng ouvévluuo: NAD(P)H / NAD(P)*
% H avnyuévn Tou popon ammoppodd ota 340 nm

XapunAn puBuoanoddoon!

% 2€ avTidpaan avaywyng HETPAMPE TNV peiwon ota 340 nm
% ETmmAoyr) yE KaVOVIKO UTTOOTPWHA A@pOoU PJETPAME TNV MEIWON TOU
QeUTEPOU UTTOOTPWHPATOC TNG AVTidOpAONGS

% AUENON TNG OIAKPITIKNG IKAVOTNTOG €T ot Sl s ettt MOPOPES

reduction of acetophenone by various KREDs as determined by the dual-

svd)()-sl NADPH NADP* wavelength oxidase assay and HPLC assay.”

g (0] )RiR) )Ri(’S) Catalyst  Rate (oxidase) Rate (HPLC) ee (oxidase) ee (HPLC)

KREDT 100 100 19 17

R ARz (Ryor(S)-KRED Ri", OH Ry "OH KRED2 0 0 - -

i KRED3 0 0 - -

X KRED4 0 0 - -

R-selective KREDS 8 2 100 100

alcohol oxidase KREDB 0 0 - -

KREDS 16 8 100 100

KRED9 0 0 - -

KRED1O 0 0 - -

KRED11 136 115 76 82

KRED15 126 131 84 85

0, H,0, KRED16 8 7 100 100

KRED17 4 6 100 100

& KRED20 4 12 100 100

y Horse radish peroxidase ﬁﬁﬁgg 33 22 3; 2;

2 [ABTS cation] = W 2[ABTS] KRED24 12 15 100 100

(L =400 nm)

[a] Relative rate is the activity relative to KRED1. R selectivity is positive
(ee values shown in %).

Truppo, Escalettes, Turner, Angew. Chem. Int. Ed. 2008 47, 2639
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MEBOOOC yia TPAVOAUIVAOEC

% Metagopd piag apivouadag atro Eva 00Tn o€ £va OEKTN APIVOUAdAGS
% OAeC oI TPAVOANIVWOEIC METACU AMIVNG KAl KETO-OEEOC UTTOPOUV VA
MEAETNOOUV PE KIVNTIKR HETPNON AYWYINOTNTOG

“ Agv amraiteital €mMTTAEOV EVCUHMO N XPWHOPOPO
% Xpelddetal pubuIoTIKO dIAAupa XaunAng aAaTtoTnTag

% Tiyiveral av dgv €xoupue KapBoguloudda;

@®
’ r J 4 V4 r . O @ NH3
“ Tiyiveral av EXOUNE oTTaoUEVA KUTTAPAQ; s 310
R COO R coo
1
keto acid ATA amino acid
@ "
Ry Rj Rz/u\ R3
amine ketone
Schatzle, S, Hohne, M., Robins, K., Bornscheuer, U. T. = v s ‘ ~ ¢
2010 Anal. Chem., 2082-2086 charged zwitterionic/uncharged
substrates products

e "W —
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MEBoOOI yiIa TPAVOAUIVAOOEC

KaBaplopévo Eviupo Moo pEVO KUTTOPA
T 25- s 4 I Loeso
E E
20 - '
. - 900 o
é g 7 I 2
L 1‘5 - —
o 8 . 850 g
& & H
S 1.0 S 21 | 200 §
K L
Q Q.
o as 4 o
8 8 | 750
0.0 -
3 6 9 12 0 3 6 9
Time [min] Time [min]
0 0.25 mg/mL, ¥ 0.5 mg/mL, O 1 mg/mL curve: conductivity measurement

black: calculated [acetophenone]
white: GC measurements

Schétzle, S, Hohne, M., Robins, K., Bornscheuer, U. T.
2010 Anal. Chem., 2082-2086
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~luorescence-activated cell sorting (FACS)

Flow Cytometry
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FACS

Movo yia KUTTapa
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FACS

Single-Cell Compartmentalization
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detection of a thiol-reactive dye

A_ Aharoni, G. Amitai, K. Bemath, S. Magdassi, D. S. Tawfik, Chem. Biol., 12, 1281-1289 (2005)

E. Mastrobattista, V. Taly, E. ChsnudeLPTreacyB T. Kelly, A. D. Griffiths, Chem. Biol., 12, 1291-1300 (2005)
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FACS

from Mastrobattista publication

Define a threshold and select the cells in the desired area.
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EmitrAcov BiBAIoypapia

Bornscheuer & Hohne - Protein Engineering - 2018:

11. Practical Considerations Regarding the Choice of the Best High-Throughput Assay

12. High-Throughput Screening Assays for Lipolytic Enzymes

13. Continuous High-Throughput Colorimetric Assays for a-Transaminases

14. Colorimetric High-Throughput Screening Assays for the Directed Evolution of Fungal Laccases.
17. Solid-Phase Agar Plate Assay for Screening Amine Transaminases.

18. Ultrahigh-Throughput Screening of Single-Cell Lysates for Directed Evolution and Functional
Metagenomics

20. Library Generation and Auxotrophic Selection Assays in Escherichia coliand Thermus
thermophilus
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